Experimental program on bone technology of the north of Tierra del Fuego: Contributions to the study of production and use-wear traces by Pal, Nélida Marcela et al.
Contents lists available at ScienceDirect
Journal of Archaeological Science: Reports
journal homepage: www.elsevier.com/locate/jasrep
Experimental program on bone technology of the north of Tierra del Fuego:
Contributions to the study of production and use-wear traces
Nélida Pal⁎, Fernando C. Santiago, Myrian Álvarez, Adriana Lasa
CADIC-CONICET, Centro Austral de Investigaciones Científicas, Bernardo Houssay 200, Ushuaia, Provincia de Tierra del Fuego, Antártida e Islas del Atlántico Sur,
Argentina








A B S T R A C T
This paper presents an Experimental Program developed to identify, describe and differentiate the production
traces from use-wear traces on bone artifacts, through the application of functional analysis framework. For this
purpose, several types of guanaco bone tools present in northern sites of the Isla Grande de Tierra del Fuego
(South America) were replicated. The results enable us to: 1) differentiate and define the microscopic traces
related to the manufacture techniques implemented in the production sequence: scraping, abrasion and sawing
as well as 2) identify and describe the use-wear traces of different resources (wood, hide and bark).
The results have allowed to identify the manufacture traces that were formed in each stage of the production
process as well as the use-wear traces of different working procedures. Likewise, the data obtained have enabled
us to identify the differences in the use of dry and fresh bones, their effectiveness in different labour processes
and their respectively diagnostic traces. Thus, we attained a regional frame of reference to study bone tech-
nology carried out by hunter-gatherer societies that occupied the Fuegian steppe during the late Holocene.
1. Introduction
The exploitation of bones as raw material for tool production has
been broadly documented in numerous archaeological contexts world-
wide. Hunter-gatherers groups who inhabited the Magellan-Fuegian
Archipelago located at the uttermost part of South America, took ad-
vantage of bone technology from the Middle Holocene until the arrival
of European populations. It is interesting to note that bone tools were
used by societies with an intensive use of marine resources and pro-
vided with nautical technology as well as by pedestrian groups who
developed a variable exploitation of coastal and terrestrial resources.
Diverse anatomical units of different species of cetaceans, birds, pin-
nipeds, camelids and canids were used to make processing and hunting
tools and ornaments. According to the available information, several
bone tool morphologies show a widespread geographical distribution,
while others display more regional specificity. Despite the importance
of bone technology in the region, the production process and the con-
text of use of these tools are scarcely known with few exceptions
(Scheinsohn, 1993; Scheinsohn, 2010; Álvarez et al., 2014; Christensen,
2016; Christensen and Legoupil, 2016).
The general objective of this paper is to contribute to the study of
the modes of production and use of bone technology carried out by the
hunter-gatherer societies that occupied the Fuegian steppe during the
late Holocene. For that purpose, we developed an experimental pro-
gram aimed at replicating bone tools found in archaeological sites of
the northern area of the Isla Grande de Tierra del Fuego (IGTDF), in
order to identify and distinguish the formation processes of technolo-
gical and use-wear traces. In addition, we attempted to increase the
number of experimental studies developed on bone technology, as well
as to create a frame of reference to be applied to other archaeological
contexts of hunter-gatherer societies.
To accomplish these aims, we specifically focus on six types of ar-
tifacts made on long and flat bones of guanaco (Lama guanicoe, Müller,
1776), a large terrestrial camelid that played an outstanding role in
pedestrian hunter-gatherers subsistence (Borrero, 1985, 1990; Muñoz,
2002; Muñoz, 2012; Calás, 2009; Santiago y Vázquez, 2012; Santiago,
2013). This assemblage comprises: bone blunted points, bone acute
points (awls), bipoints, camelid long edges on scapula, blanks made on
diaphysis fragments and beveled edges. Bone blunted points and bone
acute points show a wide geographical distribution and were identified
in coastal and inland archaeological sites of hunter-gatherer societies
who exploited terrestrial and marine resources such as Las Vueltas 1
(949 ± 41 AP), Margen Sur (838 AP), San Pablo 1 (290 ± 70) and 7
(s/f), Punta María 2 (300 ± 100) and 16 (s/f), Marazzi 2 (1600 AP),
and Punta Baxa 7 (1210–1820 AP) In contrast, bipoint, camelid long
edges on scapula and blanks made on diaphysis fragments without
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shaping (known in the literature as soft hammers) have only been re-
trieved at the Las Vueltas 1 site, and the last two artifacts had not been
previously identified on the island (Fig. 1). Finally, beveled edge was
identified in San Pablo 1 site. All of these sites were dated during Late
Late Holocene, last 2000 years (Borrero, 1985; Morello et al., 2004;
Morello et al., 2015; Salemme et al., 2019; Santiago et al., 2019a,
2019b, Fig. 2).
2. Materials and methods
In recent years there has been a considerable increase in research of
bone technology worldwide. These works cover various topics that in-
cludes: the identification of the manufacture techniques, the study of
the morphological designs, the analysis of the context of use and the
study of the regional variability of bone artifacts (Abrams et al., 2014;
Alvarez, 2014; Averbouh et al., 2016, 2017; Borao Alvarez et al., 2016;
Bradfield, 2015; Buc, 2011; d́Errico et al., 2012; LeMoine, 1994;
Santiago et al., 2019; Buc, 2012; Buc et al.,2014; Hutson et al., 2018;
Legrand, 2007; LeMoine, 1991; Maigrot, 2003; Santiago et al., 2019a).
All of them have made important contributions to the study of
innovations, changes and persistence of technological traditions
(Legrand and Sidéra, 2007). In the specific case of Tierra del Fuego, the
research on bone technology have been undertaken from various ap-
proaches and have been mainly focused on the assemblages produced
by coastal societies; these approaches have included: 1) the analysis of
mechanical properties of bones (Scheinsohn, 2010; Scheinsohn y
Ferretti, 1995) and the study of the their metric and morphological
structure (Scheinsohn 2010, 2013); 2) the identification of decorative
patterns (Fiore, 2011, 2012); 3) the interpretation of use wear traces
(Nami and Scheinsohn, 1997; Álvarez et al., 2014; Alvarez Soncini and
Léglise 2017) and 4) the production and use of bone assemblage (Nami
and Scheinsohn, 1997; Santiago et al., 2019a, 2019b).
Within these lines of research, use-wear analysis has undoubtedly
revealed important insights into the study of bone technology to the
extent that it allows to identify and to distinguish technical and wear
traces. The critical use of historical and ethnographic sources along
with the development of an experimental program are key methodo-
logical steps to attain a deep comprehension of the formation processes
of traces related to the manufacture and use of bone tools; these steps
provide a general dataset to build models, to propose hypotheses and to
Fig. 1. Bone artifacts recovered at the Las Vueltas 1 site.
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make inferences about the context of use of bone tools. Consequently, in
the following sections we will present the data obtained from the eth-
nographic sources and the experimental program addressed to the
manufacture and use of bone artifacts.
To identify technological and use-wear traces, we follow the criteria
proposed by Semenov (1964), Nami and Scheinsohn (1997), Averbouh
(2000), Maigrot (2003), Tejero (2009), Buc (2011), Mallye et al.
(2012), Borao Álvarez (2013) and Álvarez et al. (2014). Likewise, ac-
cording to Scheinsohn's proposal (2010), the definition and description
of the artifacts are centered on the morphology of the active part of the
tool to avoid functional adscriptions based on untested design features.
Each experimental bone artifact was observed and photographed
using a trinocular stereomicroscope Numak Ltz-3 with magnifications
between 6 and 60×, provided with a TOUPCAM™ camera and a re-
flective light microscope Olympus BHM with magnifications between
50 and 800× and provided with a PAXcam™ camera and a specific
software PAX-it! to capture and process microscopic images. Both op-
tical instruments have been generally used in different studies (Maigrot,
2003; Christidou and Legrand, 2005; Clemente Conte et al., 2010; Buc,
2011, 2012; Álvarez et al., 2014) because they provide complementary
information about technical and functional traces, according to their
optical features. The stereomicroscope allows us to identify the active
areas of the instruments and to analyze the macroscopic diagnostic
traces such as impact fractures, pits and striations. The metallographic
microscope enables to study in detail the micropolish topography and
brightness and to observe the specific features such as striations,
grooves and pits.
2.1. Ethnographic information
To accomplish the aims of this study we gathered historical in-
formation about two pedestrian societies of IGTDF: the Selḱnams and
the Haushs. The Selḱnams were hunter-gatherer groups who inhabited
the northern portion of IGTDF while Haush people occupied the south-
eastern part of the island. According to the ethnographic sources
(Gallardo, 1910; Gusinde, 1982 [1931]; Lothrop, 1928), both of them
made use of bones as raw material to manufacture a broad assemblage
of tools such as: acute and blunted points, wedges and harpoons; only
acute and blunted points were identified in the archaeological record.
The descriptions and data afforded by these accounts allow to generate
a frame of reference or hypothesis about manufacture sequences and
the mode of use of bone tools.
For example, the ethnographic data reveal that guanaco fibula was
used to produce camelid blunted points (flaker); the fibula was frac-
tured or cut, preserving the thickest part of the bone: around one third
of the complete element. The broken extreme was transformed into a
blunt point by abrasion with a sandstone. These points were used to
retouch lithic artifacts (Gallardo, 1910; Gusinde, 1982 [1931]; Lothrop,
1928).
Bird and guanaco bones were also used to manufacture sharp points
by sharpening and polishing the distal portion. The ethnographic lit-
erature documents two kinds of points: hollow awls and solid points.
The hollow awls, made on bird bones, were used by women in bakestry
to wave rushes. Contrastingly, solid sharpen points, made on guanaco
bones, were employed to pierce hide (Gusinde, 1982 [1931]). Finally,
Gallardo reported the use of wedges to break wood to make bows and
the beveled edges to split wood (Gallardo, 1910: 259). It is interesting
Fig. 2. Archaeological sites with the presence of
guanaco bones tools during the late Holocene. Punta
Baxa 7 (PB7), Marazzi 2 (MA2), Las Vueltas 1 (LV1),
Margen Sur (MS), Punta María 2 (PM2) and San
Pablo 1 and 7 (SP1 y SP7) (Borrero, 1985; Morello
et al., 2004; Morello et al., 2015; Salemme et al.,
2019; Santiago et al., 2019a, 2019b).
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to note that bipoints, diaphysis without shaping and camelid long edges
on scapula are not mentioned in the available ethnographic sources.
The aforementioned data provide information about actions, tech-
niques and gestures performed by past societies. A research strategy
that applies the complementary use of ethnohistoric sources and ar-
chaeological information is a fundamental step to reproduce the ex-
perimental set.
2.2. The experimental program
The specific control of variables provides important insights for
recognizing and understanding the production techniques and the ac-
tions performed by bone tools such as: artifact shaping, worked mate-
rials, motion, bone state and activity duration. For this study, six
morphotechnical groups were replicated: acute points (awls), blunted
points, bipoint, beveled pieces, long edges on camelid scapula and ca-
melid diaphysis without shaping. Currently the sample is formed by 29
artifacts with 37 active zones (Table 1, Fig. 3). For manufacture
procedures, fresh bones were selected. Nevertheless, in the case of ca-
melid diaphysis without shaping, we used fresh and dry bones to
identify differences and similarities in the process of formation of
knapping traces.
The experimental program was designed to undertake sequential
activities which include: a) raw material procurement; b) tool manu-
facture; and c) tool usage (Fig. 4). After the performance of each stage
macroscopic and microscopic traces were observed and recorded in
order to assess their formation processes as well as to identify their
diagnostic features.
2.2.1. Tool manufacture
I) Raw material procurement: To manufacture bone tool replicas we
selected 2 ulna-radius, 4 metapodial, 1 femur, 3 tibia and 4 scapula
from guanaco. Each primary block (or anatomical unit) was fully used
for support procurement. For example, 4 different bone tools were
made using only one metapodium (see Table 1). The selected blanks
required minimal conditioning for the manufacture of tools (See
Fig. 3. Examples of experimental bone artifacts. From left to right: camelid diaphysis without shaping (CDWS), camelid blunted points (CBP), camelid bipoints
(CBiP), camelid long edges on scapula (CLES), camelid acute points (CAP) and camelid beveled pieces (CBeP).
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manufacture techniques).
II) Manufacture techniques: According to artifact morphology, dif-
ferent manufactures techniques were applied along the production se-
quence to obtain bone tools analogues. In order to analyse these tech-
niques, we followed the criteria of Averbouh (2000), Tejero (2009) and
Borao Álvarez (2013). Lithic tools were used for the manufacture of
bone artifacts. Thus, for direct percussion we employed a cobble and for
scraping, sawing and indirect percussion actions, we used rhyolite
flakes.
a) Blank procurement
The activities performed to blank obtention included direct and
indirect percussion on anvil, longitudinal grooving and bending (See
Table 1 for details). During direct percussion the block was knapped by
a stone hammer while in indirect percussion the block was placed on an
anvil and a lithic flake, employed as a punch, was struck with a stone
hammer; this last technique allowed the force to be directed very pre-
cisely. Likewise, the scapulas were previously marked by sawing with a
lithic artifact in order to create a groove that facilitates the breakage.
Then, the block was broken by direct and indirect percussion and fi-
nally, applying progressive force, we bent the bones until they fractured
(Fig. 5a).
In the case of ulnas, a groove along the bone was produced, making
successive incisions with a lithic artifact. We attempted to split the
primary blocks by indirect percussion using a flake in the groove as a
punch. However, this technique was not successful to accomplish our
aims.
The aforementioned techniques are difficult to identify when the
tool is completely shaped since the production stages remove or mask
technological traces related to the first activities of “chain opèratoire”.
However, sawing marks and percussion points have been micro-
scopically observed in the experimental collection.
b) Blank shaping techniques
Blank shaping included different actions. For example, we made
parallel incisions on the blank edge to remove and to regularize the
bone surface. Scraping was also performed following the major axis of
the piece using the natural edge of a lithic artifact; this technique not
only allowed to remove matter from a surface, but also to regularize or
to thin out bone surfaces, creating a set of grouped grooves. Abrasion
technique was applied on active zones of artifacts and involved rubbing
away the bone surface using a sandstone in order to shape the blank
that loses fine particles. For example, to edge shaping we made trans-
versal cutting to remove protuberances, then we scraped the surface to
remove periosteum and to regularise the surface, finally abrasion was
performed to shape the edge. Shaping distal or proximal sections of
Fig. 4. Different stages of the experimental program: a) Procurement of guanaco carcasses b) Methods of debitage by sectioning, c) Bone instrument replication, d)
Use of camelid diaphysis without shaping (CDWS) as soft hammers.
N. Pal, et al. Journal of Archaeological Science: Reports 31 (2020) 102338
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sharp points was also attained by scraping and abrasion; in contrast, in
the case of diaphysis without sharping, only surface cleaning was done
with a scraping action using a flake to remove soft tissues (Fig. 5b).
With the aim to reach the final design we polished bone surfaces.
This technique implies to rub the surface with a fine-grain rock; in this
case we use a slate. This process produces removal and displacement of
matter which is re-organised in an interface between the contact area of
the working tool and the surface of the worked material (Álvarez et al.,
2014). The mechanisms of polish formation follow the same pattern as
the mechanisms of microwear polish produced by utilization of the
lithic tools (see Use-wear traces: Micropolishes and striations). All the
experimental artifacts shaped by abrasion showed a bright smooth
surface with through-shaped striations with a grooved bottom (Fig. 3c).
Fig. 5. a) Production of Camelid long edges on scapula (CLES), b) Blank production on Camelid fragment diaphysis without shaping (CDWS, used as soft hammer); c)
Production of blunted (CBP) and acute points on Camelid metapodium (CAP).
N. Pal, et al. Journal of Archaeological Science: Reports 31 (2020) 102338
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2.2.2. Use of shaped artefacts
For carrying out use-wear experimental program, we took into ac-
count the relation between the modes of use, the morphotechnical
groups and the hypothetical function according to the information re-
corded in the ethnographic sources and previous studies (Scheinsohn,
2010, see Table 2). Thus, the use-wear experimental program devel-
oped in this study was oriented and organised based on the work done
on the following raw materials: guanaco hide, wood and bark of No-
thofagus pumilio (Poepp. et Endl) Krasser. In the case of guanaco hide
and N. pumilio bark, drilling and scraping activities were carried out on
fresh and dry materials. Scraping and cutting was only performed on
fresh Nothofagus wood.
The resources were processed during 30, 60 and 90 min to observe
the different formation stages of the use-wear traces (Fig. 6). The dia-
physis without technical modifications were used as soft hammers and
30S were carried out on flake borders of different raw materials such as
glass, rhyolite and silicified rock. The blunted points were used as re-
touchers by exerting pressure on lithic edges; 30 pressure movements
were performed on flakes made on the aforementioned raw materials.
Both kinds of instruments were used to regularize flakes borders with
the aim to produce long, retouched edges. In Table 3 we specify the
controlled variables related to the use-wear experimental program and
we describe the traces observed and distinguished under the stereo-
microscope and under the reflective light microscope.
Then, the changes on the contact surface of the bone artifacts were
observed and use-wear traces of each work were identified (Semenov,
1964; Griffitts, 1997; Le Moine, 1997; Maigrot, 2003; Backwell and
d’Errico, 2004; Clemente Conte et al., 2010; Buc, 2011, 2012; Álvarez
et al., 2014). Using a trinocular stereomicroscope and a reflective light
microscope, we observed and captured digitized images of: a) natural
bone surfaces, b) surfaces shaped by scraping, abrasion and polishing
and c) changes produced as a result of the working processes (on nat-
ural and modified surfaces)
3. Results observed under a trinocular stereomicroscope and
metallographic microscope
3.1. Raw materials without modification: Surface description
The natural surface of a bone looks greasy, bright and irregular
(Fig. 7). The observed internal structure consists of concentric layers of
mineralized matrix surrounding the central canals -called Haversian
canals- connected with the Volkmann’s canals. Among the concentric
layers, there are some gaps or spaces (lacunae) where osteocytes (ma-
ture cells) are located. The combination of the Haversian canals, con-
centric layers, lacunae, canaliculi and osteocytes constitute an osteon.
3.2. Technological traces: Manufactures process
3.2.1. Blank procurement
Under the naked eye and the stereomicroscope, direct percussion
traces include impact points, sawing and cutting marks (Fig. 8a and b).
In the case of grooving, U-shaped striations with a smooth bottom,
parallel to the axis of the piece, were observed; these striations formed
as a result of applying pressure with bidirectional displacement which
generates compression and material crushing on the bottom and the
lateral margins of the grooves (Fig. 8c and d). Finally, grooves produced
by incisions made on the edge to regularise the surface disappear with
bone shaping (Fig. 8).
Table 2
Modes of action of the artifactual categories.* The bipoints comprise artifacts that have the same type of point in both extremes (acute points) or different types of
points (blunted point in one extreme and acute point in the other).
Modes of action Typological group Functional hypothesis
Piercing and weaving CAP (Camelid acute Point) Awls: Piercing hide and bark; weaving of baskets (Gusinde, 1982 [1931]; Gallardo, 1910).
Lever action CBeP (Camelid Bevelled pieces) Removing bark from Nothofagus (Lothrop, 1928).
Pressure CBP (Camelid blunted point) Flakers or Retouchers. Retouch lithic artifacts (Gusinde, 1982 [1931]; Lothrop, 1928; Gallardo, 1910).
Scraping and cutting CLES (Camelid long edges on scapula) Wood and soft vegetables working (Santiago et al., 2019a).
Percussion CDWS (Camelid fragment diaphysis without
shaping)
Soft hammer (Mallye et al., 2012; Mozota, 2017).
Piercing/Pressure CBiP (Camelid bipoint)* Piercing hide and bark; (Gusinde, 1982 [1931]; Gallardo, 1910). Retouch lithic artifacts (Gusinde, 1982
[1931]; Lothrop, 1928; Gallardo, 1910).
Fig. 6. Experimental activities to produce use-wear tracesa) Bark working, b) Wood working.
N. Pal, et al. Journal of Archaeological Science: Reports 31 (2020) 102338
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3.2.2. Blank shaping techniques
The traces of scraping technique involved surface regularization and
striations parallel to each other and located longitudinally to the axis of
the piece forming bands. Under the reflective light microscope, we
observed fine, dark and linear striations together with micropolishes.
The aforementioned traces modify and mask the bone structure at mi-
crotopographic level.
Observed with the stereomicroscope, abrasion technique entails the
smoothing of bone surface, with striations of different thickness related
to the grain size of the abrasive material. In some artifacts, material
removal is also observed. The striations are straight, show a rough
texture and are grouped in bands; in some cases inclusively, they
overlap and intersect, as a result of the repetitive movement, (i.e., they
are multidirectional). Likewise, surface rounding is detected, in asso-
ciation with an intense brightness. Under the reflective light micro-
scope, the artifact surface appears smoothed, with fill-in striations and
bright micropolish. The original features of the bone are not observed
(Fig. 8e–h) (Buc and Loponte, 2007; Álvarez et al., 2014).
3.3. Use-wear traces: Micropolishes and striations
Micropolishes imply a general modification of the surface defined
by micro-topographic criteria (such as brightness, surface regularity),
distribution, extension, the presence of particular features (such as
micro-pitting) and the attributes of associated striations (Maigrot,
2003). The formation of micropolishes, in some cases, mask the tech-
nical traces produced by the manufacture of the tool, fill in the stria-
tions and smoothing the surface, until the technological production
traces disappear completely (Álvarez et al., 2014).
Traces are better developed on unmodified natural surfaces.
However, it was possible to describe and analyse the traces formed
during the manufacturing process of those formed during the working
processes, due to the control of the variables taken into account during
the experimental program. Nevertheless, in the archaeological artifacts
shaped by abrasion/polishing techniques, the distinction between
manufacture polish, use-wear polished and shiny areas produced by
taphonomic processes, it is not a straightforward task.
3.3.1. Wood scraping and sawing
Seven active zones (long edge, acute point and beveled piece) were
used to fresh wood working (see Table 3). Under the stereomicroscope a
reflective and smooth surface is observed. In the reflective light mi-
croscope, micropolish appears bright and domed in the first stage of
formation; when it is well-developed it forms lobes continuously dis-
tributed over the cutting edge, covering low and high parts of the mi-
crotopography. Several thin long striations with smooth bottom are
observed indicating tool motion (Fig. 9a). These striations are included
in the micropolish layer and are located parallel or transverse to the
edge of the piece, according to the movement made by the tool (Cutting
or scraping) (Clemente Conte et al., 2010; Álvarez et al., 2014).
3.3.2. Hide scraping and perforation
Hide working was carried out on 11 active zones (acute point,
beveled piece, blunted point and long edge, see Table 3). In the ste-
reomicroscope a reflective and smooth surface is observed. Under the
reflective light microscope fresh hide-working produced heavy edge
rounding with the formation of numerous hemispherical depressions of
small size and deep grooves that indicate tool motion; the surface looks
smooth and bright. The micropolish is dull, thin with greasy appearance
(Fig. 9d). The development of this micropolish was slow (60′ of work).
During the first stages, it was found mainly in the high parts of the edge
topography and during an advanced stage, it was located both in high
and low parts of the topography (Fig. 9f). Numerous fine, short or long,
superficial and continuous striations are observed (Gates St-Pierre,
2007; Legrand, 2007; Legrand and Sidéra, 2007; Clemente Conte et al.,
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3.3.3. Cutting and drilling of Nothofagus bark
For bark working, we used 8 active zones, such as blunted point,
acute point and beveled piece (see Table 3). Dry bark working tools,
observed under the stereomicroscope show surface regularization, edge
rounding and the apices became blunt after 60 min of use. Linear and
long striations with rough bottom distributed obliquely to the edge are
also identified (Fig. 9h). As a consequence of the working process
manufacture striations are completely eliminated of the contact zone.
Under the microscope, a bright micropolish with few linear striations
that have a U-shaped bottom are observed (Fig. 9h); these use-wear
traces cover and hide manufacture traces (Gates St-Pierre, 2007).
3.3.4. Percussion on hard material (soft hammers)
Four diaphysis without technical modifications were employed for
percussion (soft hammer): in two cases we used two active zones. The
blanks were used in dry (n = 2) and fresh state (n = 2) in order to
compare their performance and to detect probable differences in use-
wear traces. During the experimentation program, we detect differences
between use-wear traces according to the knapped raw material ob-
served with the aid of the stereomicroscope. The percussion on rhyo-
lites ovoid forms deep and short pits, as well as, areas with pits and
striations (sensu, Mallye et al., 2012; Hutson et al., 2018). In the case of
glass, deep striations with rectilinear morphology are generated, asso-
ciated with thin striations with smooth inner faces. Both pits and
striations are characterized by being isolated, scattered and/or clus-
tered in some pieces, they even constitute small areas where the cortical
surface of the bone was detached (see also, Mallye et al., 2012; Mozota,
2012, 2017; Blasco et al., 2013). In the instruments worked by both raw
materials, fine and parallel striations were identified, transverse to the
axis of the pieces produced by the hammer friction on the lithic edge to
improve the extraction of the flakes.
Likewise, we explore the relationship between the traits of the
percussion traces and the state (fresh vs. dry) of retoucheŕs raw mate-
rial. The higher density of fresh bone facilitates the manufacture of the
lithic artefact owing to its greater weight. The use-wear traces include
pits or striations and depending on raw materials, clustered and over-
lapping marks of variable depths on well-defined areas (Fig. 10). In the
case of the retouchers made on dry bone, the presence of linear stria-
tions and pits is recorded, as well as the loss of cortical tissue when glass
is knapped. This latest feature was described by Blasco and collabora-
tors (2013) as exfoliation traces similar to weathering processes (Blasco
et al., 2013, Fig. 10)
The experimental pieces EXP6.GU.22 and EXP8.GU.23 were used
twice as soft hammers. Thus, two areas of use were created on the front
and back of the artifacts. Of the four hammers, only EXP8.GU.23 was
fractured during the second use (Fig. 10).
With the metallographic microscope, micropolishes are observed
and are consistent with hard material working produced by the per-
cussion and sliding of the epiphysis on the percussion platform or on the
artifact edge for flake removal (micropolish located perpendicular to
the axis of the piece). Moreover, striations with grooved bottom are
identified transversal to the axis of the tool, occasioned by the contact
with the lithic material. It is important to note that diaphysis without
technical modifications used as soft hammers has not been described
before for Tierra del Fuego.
3.3.5. Compression on hard material (compressors)
Five experimental retouchers were employed to strike on glass,
rhyolite and a siliceous rock. An area with pits is identified with the
stereomicroscope. The images obtained with the reflective light mi-
croscope enable the observation of short and wide deep grooves parallel
to each other and transverse to the axis of the piece (Fig. 11) The traces
are located mainly at the apex (see also Borella and Buc 2009; Nami and
Scheinsohn, 1997).
4. Final considerations
The data provided by this experimental research is very useful to
make more detailed inferences about the production and use of bone
artifacts in archaeological contexts. Moreover, they contribute to unveil
the technological knowledge of the pedestrian hunter-gatherer societies
which occupied the Fuegian steppe during the Holocene. The im-
plementation and development of the experimental program together
with the use-wear method allowed us to recognize the techniques em-
ployed during the different shaping stages, as well as, the movements,
uses and to distinguish the traces produced by different working pro-
cesses; according to the results provided by different researchers, it has
been proven that each material leaves a differential pattern.
From a methodological point of view, several results have been
achieved with this work. it has been possible to distinguish production
traces from use-wear traces. At the same time, the traces of different
manufacture techniques performed during the production sequence of
bone tools have been clearly identified and it has been shown that a few
technical steps are required for the manufacture of these bone instru-
ments. Consequently, labor inversion in production is relatively low.
Differences in the formation process of use-wear traces were also
detected according to different variables such as: surface condition or
bone state. Thus, use-wear traces are more intensively developed on
Fig. 7. Manufacture traces on unmodified bone surfaces a) Trinocular stereomicroscope image. Magnification: 3×. b) Reflective light microscope image.
Magnification: 100×.
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natural surfaces in comparison with shaped tools in which use-wear
traces partially or totally overlap and cover production ones; mainly in
those areas that were in contact with active borders or points. Likewise,
it is interesting to note that dry bones are more fragile and break more
easily, due to a decrease in bone collagen content that makes them less
flexible and resistant. Therefore it is more effective to use fresh bones
for the manufacture and use of bone tools as we have seen in the case of
soft hammers or in long edges on guanaco scapulae.
Fig. 8. Manufacture traces. a, b) Techniques for blank procurement: impact point, observed under a stereomicroscope 0,63× (EXP.9.GU.3 and EXP.9.GU.4); c, d)
Support shaping techniques: sawing traces under a trinocular stereomicroscope 2,5× and a reflective light microscope, 100× (EXP.9.GU.3 and EXP.9.GU.4.); e, f)
Support shaping techniques: abrasion traces observed under a trinocular stereomicroscope 2× and a reflective light microscope 200× (EXP.21.GU.17) and g, h)
Bone artifact finishing technique: Polishing Trinocular stereomicroscope 2× and Reflective light microscope 100× (EXP.26.GU.29).
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Finally, the archaeological research in Tierra del Fuego has broadly
shown that guanacos were an important food source for the hunter-
gatherer groups that occupied the steppe (Borrero, 1990; Muñoz, 2002;
Muñoz, 2012; Calás, 2009; Santiago y Vázquez, 2012; Santiago, 2013).
The use of different bone elements of this camelid species for the pro-
duction of different tools such as acute points, blunt tips, bevels, long
edges and soft hammers, indicate that not only their meat and fat were
valuable source of food, but they were also a significant technological
resource, as it has been shown by the experimental and archaeological
evidence. Future research including new bone tool morphologies will
allow us to gain knowledge about the formation processes of production
and use-wear traces. Thus, from a geographical perspective the ex-
istence of shared knowledge regional traditions can be disentangled as
well as the trends and innovations that occurred along the Holocene.
Fig. 9. Use wear traces of: a, b) EXP.23.GU.19. Fresh
wood cutting during 30 min (EXP.23.GU.19). a)
Smooth surface and fine striation of blank shaping
techniques observed under a trinocular stereo-
microscope at 1× and b) Bright micropolish and
striations observed with a reflective light micro-
scope at 100×; c, d). Fresh hide scraping during
60 min (EXP.24.GU.20). c) Smooth surface observed
under a trinocular stereomicroscope at 4× and d)
Dull micropolish, hemispherical depressions, deep
grooves and fine striation observed under a re-
flective light microscope at 200×; e, f) Fresh hide
scraping during 60 min, (EXP.26.GU.28). e) Smooth
and bright surface and edge rounding observed
under a trinocular stereomicroscope at 3×) and f)
Dull micropolish with fine striations observed under
a Reflective light microscope at 200×; g, h) Dry
bark scraping during 30 min (EXP.20.GU.16). g)
Smooth surface observed under a trinocular stereo-
microscope at 2× and h) Bright micropolish and
linear striations under a reflective light microscope
at 100×.
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